Growing evidence suggests that Huntington's disease (HD), a neurodegenerative movement disorder caused by the mutant huntingtin (htt) with an expanded polyglutamine (polyQ) repeat, is associated with the altered intracellular trafficking and synaptic function. GABA A receptors, the key determinant of the strength of synaptic inhibition, have been found to bind to the huntingtin associated protein 1 (HAP1). HAP1 serves as an adaptor linking GABA A receptors to the kinesin family motor protein 5 (KIF5), controlling the transport of GABA A receptors along microtubules in dendrites. In this study, we found that GABA A R-mediated synaptic transmission is significantly impaired in a transgenic mouse model of HD expressing polyQ-htt, which is accompanied by the diminished surface expression of GABA A receptors. Moreover, the GABA A R/HAP1/KIF5 complex is disrupted and dissociated from microtubules in the HD mouse model. These results suggest that GABA A R trafficking and function is impaired in HD, presumably due to the interference of KIF5-mediated microtubule-based transport of GABA A receptors. The diminished inhibitory synaptic efficacy could contribute to the loss of the excitatory/inhibitory balance, leading to increased neuronal excitotoxicity in HD.
Introduction
Huntington's disease (HD) is a devastating neurological disorder characterized by uncontrolled movements, which is associated with the dysfunction and eventually degeneration of striatal medium spiny neurons (MSNs, Vonsattel and DiFiglia, 1998; Vonsattel et al., 1985) . The GABAergic MSNs account for >90% neuronal population in the striatum, a key area in basal ganglia whose main function is the movement control. Genetic studies have found that HD is caused by an abnormally elongated polyglutamine (polyQ) tract in the large protein huntingtin (htt, Mangiarini et al., 1996) , however, both the normal function of htt in neurons and the molecular mechanism by which the expanded polyQ sequence in htt causes selective neurodegeneration remain elusive. In addition to roles in regulating apoptosis and transcription (Ross, 2002) , polyQ-htt may in part mediate its neurotoxic action in HD by altering neuronal membrane trafficking and synaptic function (Fan and Raymond, 2007; Smith et al., 2005) . Several htt-interacting proteins implicated in intracellular transport have been identified (Harjes and Wanker, 2003) , one of which is huntingtin-associated protein 1 (HAP1) (Li et al., 1995) . HAP1 interacts more tightly with polyQhtt than wild-type htt (Li et al., 1995) , and may act as a key mediator of pathological alterations in membrane trafficking by mutant htt (Gauthier et al., 2004; Li and Li, 2005; Rong et al., 2006) . HAP1 associates with kinesin or dynein microtubule motor proteins (Engelender et al., 1997; Gauthier et al., 2004; Li et al., 1998; McGuire et al., 2006; Twelvetrees et al., 2010) . Growing evidence suggests that mutant huntingtin impairs the HAP1/motor-dependent anterograde or retrograde transport of neuronal cargos along microtubules (Gauthier et al., 2004; Rong et al., 2006) . Deficits in these neuronal transport systems have been suggested to underlie the pathogenesis of a number of neurodegenerative diseases (Goldstein, 2003) .
Fast inhibitory neurotransmission mediated by GABA A receptors (GABA A Rs) plays a critical role in regulating neuronal excitability. The trafficking of GABA A Rs underlies dynamic changes in synaptic receptor numbers and inhibitory postsynaptic current amplitudes, providing an effective mechanism for regulating the strength and plasticity of synaptic inhibition (Jacob et al., 2008) . One critical determinant for GABA A R trafficking and inhibitory transmission is the kinesin family member KIF5 motor protein, which associates with HAP1 (Twelvetrees et al., 2010) . Based on studies in transfected neuronal cultures, it has been found that HAP1 interacts with GABA A Rs, facilitating the recycling of internalized GABA A Rs back to synapses (Kittler et al., 2004) , and suppressing HAP1 expression attenuates GABA A R trafficking and synaptic inhibition (Twelvetrees et al., 2010) . In this study, we sought to determine whether synaptic inhibition is impaired in a mouse model of HD, and whether it results from the loss of GABA A R transport along microtubules due to the disruption of the HAP1/KIF5/GABA A R multiprotein complex in vivo. The diminished Neurobiology of Disease 46 (2012) [497] [498] [499] [500] [501] [502] 
